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ABSTRACT 

Alloparenting has played a pivotal role in every society throughout human history in ensuring the 

survival and healthy development of children. A large amount of theory (e.g. kin-selection) and 

evidence exists to support this claim, and though alloparenting is certainly not unique to humans, 

it is difficult to suggest that any other species benefits from it more, and certainly not one as 

ubiquitous as Homo sapiens. However, there is a surprising dearth of empirical research 

examining the causes of individual variation in the amount and type of alloparental behavior that 

a child receives, and what effect this variation has on previously validated measures of child 

well-being. We propose how different measures of familial relatedness and the spatial 

distribution of relatives might be used to predict the amount and type of alloparental care a child 

receives, and how these variables may interact to affect a child’s health. We employed a variety 

of different methods; genealogical modeling, genetic analysis, geospatial mapping, ethological 

behavioral observations, and anthropometric measurements in order to generate objective data to 

test these predictions. As members of a relatively isolated native people in Sonora, Mexico, our 

study population (the Comca’ac) is uniquely suited to help us test our hypotheses. From just this 

pilot study, we have made many methodological developments and found strong support for 

many of our hypotheses. There are many new questions to answer as well, which together 

suggest the future directions for an intensive study of a broader sample of this population, and 

alloparental behavior in humans in general. 
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INTRODUCTION 

 Successful child rearing requires alloparental care, defined as parental effort from 

individuals other than the child’s biological parents. Among humans, so much parental care is 

required that mothers generally need to enlist the aid of alloparents, even if the father is present 

and providing resources as well. Human infants are fragile, and incredibly altricial. They have 

only a few basic motor reflexes, and no ability to locomote. They therefore require a massive 

amount of parental care for several years, and they generally receive it: infant mortality in 

humans is the lowest in any primate species (Galdikas & Wood, 1990; Wrangham et al. 2006). 

Human females invest an incredible amount of resources in a lengthy gestation period, and post-

natal care is no less demanding. The constant care required to be provided by the mother is 

incredibly bioenergetically expensive, including but not limited to lactation, carrying, and 

supervision, all of which impact her reproductive success by requiring a longer inter-birth 

interval (Galdikas & Wood, 1990; Flinn, 1989). 

Alloparental care, also called “cooperative breeding” is ubiquitous among humans, but is 

relatively rare in other taxa. According to Sarah Hrdy (2009), cooperative breeding is rare even 

in other mammalian species (3%), and in fact occurs more often in birds (9%). According to 

Lukas and Clutton-Brock (2012), among primates only the New World Callitricidae (marmosets 

and tamarins) meet the criteria for cooperative breeding. Buckart et al. (2009) proposed that it 

was in fact cooperative breeding by our ancestors that facilitated the evolution of larger brains 

and rapid cognitive development.  

 The main beneficiaries of alloparental care are obviously the mother, as well as the child 

and the father (i.e. inclusive fitness). Alloparenting reduces many costs of parental investment, 

such as provisioning, lactation stress (breastfeeding), and guarding (Hrdy, 2009). Obviously, 
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only female alloparents can aid in breastfeeding, but anyone can help with food provisioning and 

other types of alloparenting requiring an investment of time, energy, or danger to the self (such 

as guarding offspring). 

 The assistance of alloparents also functions to reduce stress on the biological parents, 

especially the mother. First and most prominently, alloparental care is associated with lower risk 

of infant mortality, either accidental or intentional (Hrdy, 1977). Also, it allows the mother to 

invest more somatic effort in herself, resulting in higher fitness and a longer lifespan. The extra 

energy can be directed towards increased reproductive effort as well, reducing the inter-birth 

interval. It also may allow even an investing father to pursue additional reproductive 

opportunities with other mates, as less of his resources are required (Robbins et al., 2007). 

 In fact, although the average human inter-birth interval (IBI) is quite long compared to 

most other animals, it is relatively short when compared to other primates, especially apes. For 

example, chimpanzees have an average IBI of around 4-5 years, and for orangutans the average 

is around 8 years. On the other hand, humans in natural fertility environments have an average 

IBI of just 3 years (Galdikas & Wood, 1990). This then begs the question: Why do humans, who 

must invest a massive amount of bioenergetic resources in a single act of reproduction, have 

offspring at a significantly higher rate than that of some of our closest primate relatives? 

Alloparenting is certainly a substantial contributing factor, if not the most important. With the 

exception of Homo sapiens, all other ape mothers raise their offspring alone, with little or no 

help from others (Mace & Sear, 2005).  

On the other hand, human mothers receive a great deal of support from family members. 

Father presence is a significant factor in infancy (due to the importance of resource 

provisioning), but repeated studies have shown that this contribution is quickly outweighed by 
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the contributions from the mother’s female relatives, in particular the maternal grandmother 

(Hawkes, 1990; Sear, Mace et al. 2000, Jamison et al., 2002). In addition, there is evidence that 

the presence of an older sister is comparable to grandmother presence in predicting child health 

over the first five years of life (Sear et al., 2002).  

 These are all benefits to the mother, as well as the father and child, so certainly such 

behavior could not be adaptive unless there is a benefit to the alloparent as well. Just as 

alloparental care increases the fitness of the child and parents, it is consequently quite costly to 

the helpers. Investing bioenergetic and material resources in a child that is not yours is 

expensive, and comes at a fitness cost because you could otherwise be investing those resources 

in your own somatic or reproductive effort.  

Life history theory best describes this differential resource allocation, and was originally 

proposed as a between-species difference in the population biology literature (e.g. Wilson, 1975).  

There are two separate dimensions to life history theory, both representing tradeoffs in fitness-

enhancing strategies of resource expenditure.  The first dimension is the continuum of somatic 

versus reproductive effort.  An organism may expend resources in the growth and maintenance 

of the body, or it may focus time and energy more on reproductive efforts.  When using 

resources to further reproductive goals, another tradeoff is encountered.  An organism may focus 

on producing a large number of offspring (mating effort), or it may invest highly in each 

individual offspring (parental effort).  This dimension of resource allocation in reproductive 

strategy is known as the r/K continuum.  The letters r and K are based on mathematical models 

of population growth and carrying capacity, respectively.  An individual or species that pursues a 

high mating effort (fast life history) strategy is said to be r-selected, and conversely high parental 

investment (slow life history) strategies are K-selected (Figueredo, 2004).  
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Compared to almost any other animal species, humans have very slow life history 

strategies. We are characterized by greater longevity, delayed sexual development, long 

gestation, high interbirth interval, low infant mortality, and high parental investment, among 

other related traits (Rushton, 1985; Bogaert & Rushton, 1989). What sets us apart most, however 

is our large brains. There has been strong natural and sexual selective pressure for greater 

intelligence throughout hominid evolution. High intelligence (comparatively speaking) requires a 

large brain, and investing such an enormous amount of bioenergetic resources in brain 

development requires a great deal of somatic effort, and therefore a slow life history strategy. 

Rapid brain development in humans begins in utero, and infants are born with a high head-to-

body ratio. Gestation in humans might even have evolved to be longer, were it not for the 

constraint of the size of the birth canal. A newborn human’s head is even larger than the birth 

canal through which it must pass, and hence they are born with incomplete cranial development 

(soft skulls) (Martin, 1983). 

As a highly K-selected species, humans display a great deal of altruistic behavior, such as 

parental and nepotistic behavior, group provisioning, and so on.  The individuals to whom we 

behave most altruistically should be those with whom we are most genetically similar – our 

immediate kin (Rushton, 1989).  Kin selection is another type of adaptive evolutionary strategy 

exhibited across diverse phylogenetic taxa that leads to greater inclusive genetic fitness.  

Animals have a vested interest in behaving altruistically towards those individuals with whom 

they share more genes, thereby increasing the likelihood that these genes will survive in 

successive generations.  

For instance, an individual will share 50% of their (within-species variable) genes with a 

full sibling.  The offspring of that sibling will share 25% of the individual’s genes.  It is therefore 
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of great benefit to the overall inclusive genetic fitness of that individual to behave in an altruistic 

manner towards their sibling, as reproductive success by that sibling matters for the individual’s 

genes.   

 Nepotism, or nepotistic effort, is effort directed by individuals towards their genetic kin. 

This refers us to Hamilton’s (1964) kin selection hypothesis, which puts forth the conditions 

under which an individual will pursue the evolutionary strategy of aiding the reproductive 

success of one’s kin, at a fitness cost to themselves. Hamilton’s rule (rB-C>0, equivalently 

written rB>C) states that an individual will enjoy an inclusive fitness boost (i.e. kin selection will 

exist) if the benefit to the recipient of the aid (B), times the genetic relatedness (r) of the 

beneficiary to the helper, is greater than the cost to the aiding individual (C). This means that, 

whether it be alloparental effort or other assistance, it is often in the best interest (in terms of 

inclusive fitness) to help one’s genetic relatives, if the cost is not too great.  

For this reason, genetic relatives are by far the most common contributors of alloparental 

effort, especially grandparents and siblings. Long human senescence may have evolved for 

specifically this reason, so that grandparents (especially grandmothers) can aid in child rearing, 

allowing them to increase their inclusive fitness long after they are no longer reproductively 

viable. Grandparental alloparental care in humans is particularly prominent, and valuable, 

because child rearing is so difficult. In addition to direct care, grandmothers can teach their 

daughters important parenting skills, enhancing the likelihood of their grandchild’s survival 

(Gibson & Mace, 2005; Flinn & Leone, 2006). Furthermore, if the grandparents are past 

reproductive age, then although their genetic relatedness r to their grandchildren is only r=0.25, 

the cost C is essentially 0, since they are not forgoing their own reproduction to assist.  Older 

siblings also frequently assist in alloparenting as well. Based solely on Hamilton’s rule, siblings 
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have as much of a genetic interest in the child as the parents do (parents and siblings are both 

r=0.5). In addition, older children (especially girls) can learn valuable parenting skills from their 

mothers and grandmothers to be used later in life. Essentially, helping to rear their siblings is 

parenting practice for rearing their own children one day, enhancing the likelihood of infant and 

child survival. Other relatives may assist as well, if the inclusive fitness benefits outweigh the 

cost to their own fitness, such as aunts and uncles, cousins, etc. If they currently have no 

offspring of their own, the cost of helping is relatively low, especially if they have more 

resources then they currently need (e.g. a successful hunt or bountiful harvest).  

 The other main hypothesis for the evolution of cooperative breeding involves the benefits 

of reciprocal altruism (Trivers, 1971; Axelrod & Hamilton, 1981). The theory of reciprocal 

altruism states that providing resources or other assistance to non-relatives can be beneficial to 

fitness if the favor is reciprocated at some point in the future. As with Hamilton’s rule, the costs 

of helping a non-relative in the present have to be less than the potential future benefits. Consider 

the following example, hinted at in the previous paragraph: Hunters in hunter-gatherer societies 

tend to have erratic success. If I have a reciprocal understanding with another hunter, then when I 

am successful and he is not, I will share my meat with him, and vice versa. This arrangement 

will be particularly beneficial to both parties if the animals being hunted are large land mammals, 

as there is little cost to the successful hunter, as such a large quantity of meat would likely spoil 

before it was consumed by him and his family if he did not share. Similarly, reciprocal 

alloparenting among non-relatives is common in human cultures as well. Unrelated women will 

often alternate caring for (essentially babysitting) each other’s children so that the other can go 

about other fitness enhancing activities such as foraging, preparing food, etc. (Hrdy, 2009).  
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It is interesting to note that reciprocal altruism, cooperative breeding, and intelligence are 

good examples of co-evolved traits. Reciprocal altruism requires specialized mental abilities to 

evolve and function properly, such as the ability to remember the faces of many different 

individuals and histories of interactions with them (so you can remember with whom you have a 

cooperative alliance), the ability to weigh relative costs and benefits, and the ability to 

communicate and understand others’ needs (Cosmides & Tooby, 1992). These abilities together 

are known as social contract theory and allow humans to form alliances and detect cheaters: 

crucial abilities for any form of reciprocal cooperation, including but not limited to cooperative 

breeding. It is also worth noting that reciprocal altruism is functionally similar to but distinct 

from mutualism, with which it is often conflated. Mutualistic behaviors are those that directly 

benefit all individuals simultaneously, and do not require the high level of intelligence needed to 

form long term cooperative alliances since the rewards for helping are immediate (although 

many intelligent species including humans often do engage in mutualism). Examples include 

activities such as pack hunting, cooperative defense, and huddling for warmth (Stevens & 

Hauser, 2004). 

 Several researchers (e.g. Bogin, Bragg, & Kuzawa, 2014; Lukas & Clutton-Block, 2012) 

take issue with using this term (cooperative breeding) to refer to the usual type of communal 

child-rearing that occurs in humans. In the biological literature, cooperative breeding often refers 

to alloparenting by individuals who forgo their own reproduction entirely. As these individuals 

are often related to the child to whom they are providing care, kin selection may sometimes 

explain the behavior, especially in environments with extremely limited resources. However, 

alloparenting is also often seen in situations where Hamilton’s rule does not hold, or by unrelated 

individuals with unequal if any reciprocity. This occurs across a wide range of taxa and is the 
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result of a strict social hierarchy wherein only the alpha pair (e.g. meerkats) or the alpha male  

and perhaps a select few other males and females actually reproduce. This is generally not the 

case in most human cultures, and though reproductive success in human males is often extremely 

high in variance, it is substantially less so for females. In traditional cultures, most human 

females that are able to bear children eventually do, and help each other (Hrdy, 2009). 

 For these reasons, we would expect the amount (and quality) of alloparental care a child 

receives to be related to both the availability of putative alloparents as a function of geospatial 

density (reciprocal altruism) as well as who those putative alloparents are as a function of 

relatedness (kin selection). In testing the latter prediction, we are faced with problem of how best 

to measure relatedness. To use a comparative example: in birds such as the zebra finch 

(Taeniopygia guttata), being reared together, even if not siblings, leads to similar dyadic 

behavioral patterns as with actual siblings (Figueredo, Olderbak, & Moreno, 2010). However, 

phenotypic and chemosensory cues may be more or less important as predictors of kin-selected 

behavior depending on the species, situation, or any number of other factors. Humans, of course, 

can be explicitly told and can explicitly state who their relatives are, even if not actually 

genetically related. Especially in traditional societies, a cultural (emic) relational system of 

family structure might be different from, although not independent of, objective (etic) genetic 

analysis. These emic relational networks can be explicitly declared based on vertically 

transmitted knowledge of family relations or inference. 
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Study Population 

 Our study population is the ~1500 remnant Comca'ac: a coastal fishing people who live 

in two small villages on the eastern coast of the Gulf of California (Mar de Cortés): Punta 

Chueca and Desemboque. The data analyzed for this pilot study was collected from individuals 

living in the former (see Appendix A for a satellite photograph of the village). The Comca'ac 

indigenous communities have been relatively isolated, reproductively and otherwise, until quite 

recently, and are thus ethnically (and probably genetically) relatively homogeneous (Infante et 

al., 1999). Furthermore, alloparenting is probably among the most common forms of kin-selected 

altruistic behavior in humans, as well as the most easily observable for an outsider.  

Many of the Comca'ac themselves that we have spoken with believe that there is an 

unusually high degree of alloparenting practiced by their group, as compared with the 

surrounding groups, and attribute this to the high degree of family relatedness among most 

members of their tribe. In informal interviews with some of the parents and grandparents in 

Punta Chueca, as well several of the village elders, inasmuch as they are familiar with the 

customs and practices of neighboring native groups (e.g. the Yaqui), they believe that they 

engage in substantially more alloparental behavior. This is evident despite the fact that they are 

not familiar with molecular biology or scientific jargon. The ecological and social context of the 

Comca’ac (e.g., closed and stable groups, ecologically challenging) are nonetheless favorable for 

the expression of alloparental care by both kin and non-kin. However, the relative contributions 

of each may be mediated by genetic relatedness, perceived genealogy, and geographic proximity. 

There is significant variation between households in the relative contributions of paternal 

care. Some if not most fathers are out fishing, hunting, or working in nearby non-native towns. 

Some find day-labor work as far away as the city of Hermosillo (a 1.5-2 hour drive away), and as 
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it is cheaper and less time consuming to stay there than to drive back and forth every day they 

are often gone for several days at a time. For the reasons stated above, this affects the amount of 

alloparental care provided by others, and may predict differences in children’s health status. 

These differences in care and health outcome may also reflect between-household variation in 

level of available material resources from the men’s traditional and non-traditional work, 

women’s cottage bead industry, and men’s social status in the community. Furthermore, the level 

of paternity certainty among the Comca’ac men may contribute to the allocation of resources, as 

has been demonstrated on other extant populations (Betzig, 1989; Daly & Wilson, 1988). Other 

biodemographic factors such as environmental harshness, operational sex ratio (OSR), pubertal 

timing, infant mortality and so on are likely contributors to the variability in investment in both 

material and temporal resources (Marlowe & Berbesque, 2012; Ellis, 2004; Robbins, Robbins, 

Gerald-Steklis & Steklis, 2007) .  

In sum, the Comca’ac provide us with the unique opportunity to identify a variety of 

factors that predict individual variation in parental and alloparental behavior. We can then 

quantify and integrate such data for an entire community using a combination of ethological, 

anthropometric, genetic, genealogical, and geospatial methods, and to be able to create a model 

predictive of children’s health outcomes.  
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Goals of the Project 

1. Measurement Goals 

a. To conduct a limited genealogical survey using snowball sampling starting from 

focal Comca’ac households and be able to map genealogical “emic” distances 

among community members (including potential alloparents) using family tree 

construction software 

b. To develop a spatial map of sampled Comca’ac households using GPS technology 

and calculate the Euclidean geographical distances among them 

c. To sample the DNA of potential alloparents and focal Comca’ac children and 

develop a measure of molecular genetic “etic” distances among study participants 

d. To apply the World Health Organization anthropometric measurements and 

standards for child developmental health to focal Comca’ac children 

e. To develop a quantitative ethogram using one-zero focal animal sampling to 

assess inter-observer reliability as well as to test the convergent validities of 

hypothesized behavioral taxonomies 

f. To develop a quantitative ethogram using instantaneous sampling to assess inter-

observer reliability as well as to test the convergent validities of hypothesized 

behavioral taxonomies 

2. Descriptive Goals 

a. To relate the various measures developed by means of bivariate correlational 

analysis 
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3. Inferential Goals 

a. To test predictive models that pit alternative causal hypotheses against each other 

in spite of being partially confounded with each other 
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METHODS 

Genealogical Distance: “Emic” Family Relatedness 

A snowball sampling procedure was used to construct a complete genealogical map for 

each individual in the population,. One member of the household who spoke Spanish (and as far 

as we know everyone under 40 years old does) would be asked to participate in a genealogical 

interview. The team member conducting the interview would work with the participant to obtain 

all known familial relationships. We then asked them to identify any 1
st
 degree relatives (parent, 

offspring, or sibling) who might be willing to participate in the study. We then contacted these 

individuals, introducing ourselves as having been referred to them by the previous informant. 

This snowball sampling was preferable to making “cold calls”, the former facilitating interaction 

and thereby producing much better cooperation on the part of the new subject. These data were 

then entered into the genealogical database software program Family Tree Maker 2008 Platinum, 

which allowed us to generate a complete genealogical relatedness matrix. This matrix computes 

Wright’s Coefficient of Relatedness (rg) for every possible dyad (pair of individuals) in the 

sample. 

 

Spatial Distribution: Geographical Proximity  

 During the genealogical interview, a GPS (Garmin GPSmap60) unit was used to record a 

waypoint for each house, which was taken as close to the front door as possible. This allowed us 

to determine the spatial distances between each household (domicile) of each of the participating 

families. Waypoints were recorded in Universal Transverse Mercator (UTM) coordinates (Zone 

12N). As the front door of adjacent domiciles could be as close as ~15m apart, this necessitated a 

margin of error of <7m. Although most waypoints, when collected a second time as an error 
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check, were within this range, some were not. An upgraded model (Garmin eTrex20) was used 

on a later expedition and demonstrated a margin of error of <2m, well within acceptable range. 

The coordinates were then downloaded and imported into Microsoft Excel 2010. Since UTM 

coordinates represent latitude and longitude as Cartesian coordinates in meters, each dyadic 

distance between homes (DBH) was computed using a Pythagorean theorem calculation 

(DBH=sqrt of ((xA-xB)
2
+(yA-yB)

2
). Factoring in the curvature of the Earth, this calculation has 

a margin of error of <.001% (<6mm at the maximum DBH in the sample of 525m). 

 

Molecular Genetic Distance: “Etic” Family Relatedness 

Selection for inclusion in the intensive pilot study was implemented largely at the 

familial level. Based on existing self-reported genealogical data, we made a list of families that 

would provide the broadest range of relatedness coefficients, i.e. large nuclear families, extended 

families, and families (relatively) unrelated to other families in the sample. These families were 

contacted by the researchers to obtain consent, and we returned later to collect DNA samples (in 

addition to anthropomorphic measurements, behavioral data, etc.). DNA was collected on all 

consenting or assenting individuals in each household over the age of 2. Collection was 

performed using buccal cell swabs, which were then sealed in tubes with desiccant gel capsules 

for preservation, which has been shown to be highly effective in field use for short- to medium-

term storage (Isohelix, 2011). 96 samples were collected in all. 

We found there to be a dearth of assays that would be both within our budget constraints 

and also useful for high-resolution pairwise relatedness estimation and not just group ancestry. 

Although widely available and increasingly inexpensive, using genetic markers that are 

indicative of within-group genetic similarity in order to distinguish between populations (e.g. 
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23andme.com, Ancestry.com etc.) would likely be useless in determining differences between 

individuals in that group.  

In consultation with the geneticists at the University of Arizona CORE genetics lab, we 

chose to use the CODIS (Combined DNA Index System) loci. The development of CODIS was 

largely funded by and is currently used by the U.S. Federal Bureau of Investigation for forensic 

analysis (DNA matching), and has become the current standard for the vast majority if not all 

American law-enforcement agencies (Alonso et al., 2005). This system uses a set of 

hypervariable noncoding microsatellites: STR (short tandem repeat) loci known to be selectively 

neutral, giving a high degree of confidence to the assessment of genetic matches between 

samples (or in our case, genetic relatedness among family members). We selected an expanded 

set of loci from the CODIS: the original PowerPlex-16HS, and Butler’s 26-plex assay (Hill, 

Butler & Vallone). This provided 40 hypervariable loci (up to 12 alleles) with which to make 

genetic relatedness comparisons. (The total is 40 not 42 as the AMEL gene is included in each 

assay as a quality control check or for sex identification).  

Our reasoning for the selection of the CODIS STR (short tandem repeat) assay was based 

on several considerations. First, we needed the aforementioned hypervariability within loci to 

make high-resolution relatedness estimates with any degree of confidence given our small 

sample size. CODIS loci have between 3 and 12 alleles each thereby satisfying this requirement. 

Furthermore, there are no extant (until now) genetic data on the Comca’ac that would be useful 

for our purposes. So, since there were no population allele frequencies for us to compare our 

sample to, and the fact that the hypervariable CODIS assay was well within our financial 

limitations due to its ubiquity, we decided that this would be our best bet. Though not originally 
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intended for anything other than sample matching, we were able to use this data to obtain a 

respectable degree of resolution with respect to pairwise relatedness. 

Initial DNA analysis was completed at the CORE genetics. PCR amplification and 

subsequent fragment analysis was performed on a select set of individuals chosen based on their 

self-reported relatedness (some closely related, some unrelated).  Initial PCR amplification 

testing of the samples showed adequate yield and conformed to the self-report, demonstrating 

viability, and subsequently all 96 samples were assayed. The analytic method used to make 

relatedness estimates from this data is described below. 

 

Anthropometric Health Assessment 

We obtained 4 anthropomorphic measurements to assess the health status of each focal 

child in our sample (any individual between 2 and 7 years of age): weight, height, middle upper 

arm circumference, and head circumference. Using WHO Anthro and WHO Anthro+ software, 

we compared their anthropometric measurements to World Health Organization standards-for-

age (z-scores), also including weight-for-height and BMI-for-age.   Based on several 

international samples, this is the preferred and most current dataset of its kind, and these 

standards are considered to be among the best predictors of child health, as has been 

demonstrated in previous research (WHO, 2009).  

All of these predictors were used in estimating child health for all 11 focal individuals 

sampled that were from 2 to 4 years of age. However, weight-for-height (the same as 

unstandardized BMI in these calculations), middle upper arm circumference-for-age, and head 

circumference-for-age have only been validated as useful predictors of child health up to age 4, 

due to shifting growth patterns starting around this age. Therefore, the computations for the 12 
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individuals that were 5 to 7 years if age were excluded from analyses using these 3 variables 

alone, and these variables were not included in the computation of overall health for the older 

children.  

To summarize, the full list of anthropomorphic variables is as follows: 

1. Height-for-age 

2. Weight-for-age 

3. BMI-for-age 

4. Weight-for-height (age 2-4 only) 

5. Middle upper arm circumference-for-age (age 2-4 only) 

6. Head circumference-for-age (age 2-4 only) 

 

 Behavioral Observations 

One-Zero Focal Individual Sampling. 1-0 sampling is a method of observation wherein 

occurrence or non-occurrence of behavior, rather than frequency or count, is recorded during a 

given length of time.  Instead of measuring the absolute frequency of occurrence of a behavior, it 

allows ethologists to measure the relative frequency calculated by the proportion of time samples 

in which the behavior occurs. This method breaks the observation period up into equal time 

samples, and each behavioral code observed is recorded only once per sample. This binary data 

is then aggregated across samples to calculate the relative (as opposed to absolute) frequency of 

each behavior.  The practical advantage to this one-zero system is that once a rater has observed 

a behavior during a given time sample, s/he can essentially ignore that code for the rest of the 

sample period, reducing the required number of entries and allowing him/her to look out for 

other behavioral cues (Altmann, 1974). 
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Instantaneous Sampling. When using instantaneous sampling, instead of recording a 

behavior if it occurs at any time during an observation period, all behaviors currently occurring 

are recorded at the start of each observation period, and then again at the start of the next 

observation period. Otherwise, it is similar to 1-0 focal sampling (Rhine & Flanigon, 1978). This 

method can be useful for relatively stable behaviors (or states) that occur simultaneously, but 

suffers from the major drawbacks inherent in having to do everything at once. This creates the 

possibility that in the time it takes to record all behaviors observed at that instant, an observer 

will fail to observe a relatively rare or important behavior because they are looking at the paper 

and not the child.  

Quantitative Ethogram Development. In order to develop an ethogram that fulfilled the 

roles of both recording all the relevant behaviors relating to alloparenting, and being field-ready, 

we turned to a team of trained and experienced ethologists, all of whom have decades of 

experience observing animals such as birds and primates in their natural habitats. Our ethograms 

specifically were based on instruments used to record the behavior of gorillas: It turns out that at 

the level of analysis needed for this project, our behaviors related to child care are structurally 

indiscriminable from and fully inclusive of those of our hominid cousins, as far as we can tell. 

There may be some underlying motivational factors or causes unique to humans, such as 

emotional awareness and empathy (e.g. Steklis & Lane, 2012), but the behaviors themselves look 

the same. The addition of complex behaviors (e.g. crafting, etc.), though recorded, were so 

sparsely observed that it made no statistical difference whatsoever. 

For the focal 1-0 ethogram, we needed to record not just who the focal individual was but 

also the identity of those interacting with the focal child, so we recorded the interacting 

individual’s ID code (OBJCode) in the relevant cell instead of a binary mark. This allowed us to 
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aggregate not just all instances of a behavior over the entire occasion for each focal child, but 

also record the total for each dyad, giving us a score that would be useful in assessing our 

hypotheses with alloparenting as a dependent variable. This essentially changed it from a “1-0” 

ethogram to an “all-occurrence” ethogram. Since we were recording dyadic and not just binary 

data, there were two rows for most behaviors, one if the focal child was the receiver of the 

behavior, and another if he was the actor (see Appendix B1). 

We also created a separate instantaneous sampling ethogram to be used simultaneously 

with the all-occurrence. This was used to record the proximity of other putative alloparents with 

respect to the focal child.  We used 3 categories of distance –  

1. 0-2m 

2. 2-5m 

3. 5m+ 

Functionally, these can be thought of as “within reaching distance”, “a step away”, and “in the 

proximity” respectively. For each individual other than the focal child, their code was written 

down and then the distance category recorded at the beginning of each 2-minute time sample. 

We also recorded the general activity and location of the focal child. (see Appendix B1) 

  Instrument Revision. During the first expedition using separate sheets for each 

ethogram, the instantaneous sampling proved extremely problematic. It took far too long to write 

down the codes of any new individuals and the proximities of all at the beginning of each time 

sample (up to 15 sec). In order to maintain IRR for the 1-0 instrument, if one rater finished the 

instantaneous sheet first, they would wait to start recording until the other was done. The rater 

who finished first would later often report that important interactions were missed as a result. 

Also, estimating distances was quite problematic for anything other than category 1.  
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For our next data collection expedition, we revised the ethogram to put the instantaneous 

and all-occurrence ethograms on one sheet, and as a compromise, used every 4
th

 time sample (1, 

5, and 9) to record the instantaneous data (see Appendix B2). This prevented us from having to 

sacrifice time recording the 1-0 focal interactions, but still suffered from the problem of terrible 

distance estimation.  The lack of rater agreement precluded us from using this data in our 

analyses, and we will need to revise this procedure again if we are to collect this kind of data in 

the future. Furthermore, the behavior on the all-occurrence ethogram included a category for 

“resting proximity”, essentially making the instantaneous data redundant due to its lack of 

precision. 

Summary of Ethological Data Collection. Data were collected over the course of two 

separate five-day expeditions, in March and June of 2012. For each expedition, four researchers 

were present to collect the observational data, using two-person teams for each observation 

session. Both expeditions consisted of two male observers and two female observers. 15 

observations were conducted over the course of the first expedition, and with much of the other 

data collection already completed, we were able to collect 32 samples during the second 

expedition. In total, we collected 17.1 hours of observational data (34.2 total man-hours). 
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ANALYSIS 

Psychometric Evaluations of Quantitative Ethograms 

Training and Inter-Rater Reliability. Without precise measurement, it is highly likely 

that observers will make substantially different subjective judgements even when observing the 

same phenomenon in real time. In modern behavioral science, inter-rater reliability (IRR) is 

considered to be of great importance in establishing the quality of one’s research. Without 

quantitative observational methods, IRR is difficult to establish, and impossible to prove. For 

instance, two researchers observing the same group of primates might have completely different 

subjective perceptions on which male received more attention from females, acted more 

aggressively or submissively, etc., and thereby reach completely different conclusions about 

dominance status. This would clearly pose a problem for the utility of such data. 

Therefore, prior to conducting behavioral observations, all of the data collectors were 

trained in the sampling protocol using videos of primate behavioral interactions as well as live 

practice sessions in human families. They were required to achieve a minimum of 80% inter-

observer reliability on the 1-0 focal ethogram, which was surpassed (89%) as a result of this 

extensive training (over 50 hours each). 

In addition to classical IRR, we also computed Cohen’s kappa (κ) as an additional 

measure of inter-observer agreement. Unlike classical IRR, κ takes into account the possibility of 

observer agreement occurring by chance (Cohen, 1960). The conceptual formula is: 

 

 κ =
𝑝𝑜 −  𝑝𝑒

1 −  𝑝𝑒
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where 𝑝𝑜 is the observed relative agreement between observers, and 𝑝𝑒 is the hypothetical 

probability of observers agreeing by chance. 𝑝𝑒 is calculated using the observed data and 

determining the probabilities of each observer seeing the same category of behavior. In our 

sample, κ = .72, substantially lower than the .89 obtained using the classical IRR percent 

agreement calculation, but still well within the range generally considered “good”. Furthermore, 

although Cohen’s kappa is considered to be a generally robust statistic, some researchers have 

expressed concern that this statistic tends to underestimate actual agreement on relatively rare 

observations (Viera & Garrett, 2005). This is certainly a possibility with these data, as there were 

several behaviors that were observed very infrequently (see Table 10).   

 Another concern with respect to rater effects was the possibility of “observer drift”. 

Although this term is used variously by different researchers, and there is no clear consensus, the 

most common usage (and the one used here) is to describe the gradual and implicit change in 

code definitions (exactly what constitutes an instance of a particular behavior) over time (Smith, 

1986). This often occurs when the same two observers are paired together over an extended time, 

and begin to develop “idiosyncratic” definitions of observational terms, a phenomenon 

sometimes referred to as “consensual” observer drift (Johnson & Bolstad, 1973).  

We took steps to mitigate the possible effects of observer drift in several ways, First, 

the observers were under strict instructions not to discuss the details of the observations 

between themselves, and were also instructed to maintain strict independence (i.e. silence 

during the observation sessions, never look at the other observer’s ethogram). There were of 

course many issues that arose needing clarification or revision, as we were piloting a novel 

instrument. The observers were therefore instructed to take brief (so as not to miss any 

behavior) notes regarding these issues during the observation sessions. Any questions raised 
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were then only discussed when all observers were present, at which time the lead researcher 

would consider any input and then would make an executive decision regarding any 

clarification or revision that was needed. In addition, the parings of observers were 

continuously rotated to avoid consensual drift (e.g. observers A+B and observers C+D as the two 

teams on day 1, then observers A+C and observers B+D as the two teams on day 2, etc.). Lastly, 

in order to prevent drift more broadly at an individual level, the entire group including the lead 

researcher would periodically participate in practice sessions, wherein they would all observe the 

same focal individual and discuss their observations throughout the occasion in order to make 

sure everyone was operating under the same set of criteria.  

Convergent Validity. A theoretically constructed and empirically supported taxonomy 

of behavior is necessary for ethological research, so demonstrating convergent validity of 

behavioral categories is crucial to this project. To have functional units capable of empirically 

specifying the amount of alloparental care exhibited, the relevant behaviors must be shown to 

“hang together”; that is, be likely to occur together (in terms of time, situation, etc.). This 

demonstrates convergent validity of these categories, and justifies the inclusion of specific 

behaviors as indicators. 

We constructed several alternative taxonomies of behavior based on theoretical 

considerations; the two that were the most theoretically justified were also the only two 

empirically supported. The original categorization (which was one of the two with empirical 

support) was to categorize behaviors based on functional categories, irrespective of which 

individual is the “actor” and which is the “receiver”. We created 6 categories based on functional 

similarity (see Table 1 for the specific behavioral components both competing taxonomies). The 

specified categories for the Functional system were: 
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1. Direct care: Behaviors involving behaviors that are overt examples of intentional 

parenting behaviors, such as suckling or otherwise feeding a child. 

2. Indirect care: Broadly defined behaviors such as assisting, that may or may not be 

intended to be parental care. 

3. Affiliative: Actions that may be directed behavior but are based on proximity, such as 

play or follows. 

4. Vocal: In the case of human interaction, talking. 

5. Working: Any work done together, such as crafting or chores. 

6. Agonism: Aggressive behavior such as hitting (touches not affiliative). 

 

We ultimately decided to drop Agonism as a category after much discussion. Although it may be 

an example of alloparental behavior to strike or yell at a child (as discipline) it is not necessarily 

so and may be intended simple to indicate distress or anger. As such, the category is rather 

murky so it was eliminated. 

 Though theoretically sound categories of dyadic behavior, we were specifically looking 

for categories that represented the asymmetrical relationship between child and alloparent, 

especially since using these observations to predict child outcomes was a primary goal. 

Therefore, the Direction of the behavior is probably quite important. Whether the focal child is 

the actor or the ‘receiver’ of the alloparental behavior matters: Is the potentially beneficial 

behavior coming from the child or going to the child? In addition, many behaviors are reciprocal 

as they are mutual behaviors or the direction is trivial. For example, if a toddler gives his mother 

a toy so she will play with him, this would be recorded as “Gives Object”, but when the mother 

accepts the toy it is she who is providing parental care and not the other way around. This 
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taxonomy also makes sense theoretically, as helping or simply interacting with a child is often 

regarded as alloparental care, whereas as a child helping another, be it an adult or another child, 

is not necessarily so. We therefore were conservative in assigning behaviors to either the “From 

Child” or “To Child” categories, as this taxonomic structure was unidimensional and most 

behaviors can be justifiably thought of as somewhere in-between (see Table 1).  

In order to validate our taxonomies, a statistical technique called generalizability analysis 

(GT) was the planned and preferred method. High generalizability means that the behavioral 

grouping factors are shown to have greater between-group than within-group variability among 

component items (for an illustration of the application of this method to validating confirmatory 

factor models with small samples, see Figueredo, Cox & Rhine, 1995). GT allows for the use of 

nested in addition to crossed design models, when 2 or more conditions of the nested facet 

appear with one and only one condition of another facet (Brennan, 2001). Therefore it is 

particularly useful in validating inter-item consistency in factor scales, due to the ability to 

partition variance. The conceptual formula for a nested GT design is: 

 

E
2 
= σ

2
f /(σ

2
f + σ

2
r(f))   

 

The term r(f) indicates a nested model design, where r is nested within f. In this case, the 26 

behavioral indicators are nested with various categorical scales for a given taxonomy. This is 

achieved by generalizing individual differences in factor scores across behaviors nested within 

categories. Here the Subject is the focal child: 

 

E
2
 = Var(Subject*Category) / [Var(Subject*Category) + Var(Subject*Behavior(Category)]  
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Unfortunately, due to the method of partitioning variance and the nature of our pilot data, 

we were computationally unable (due to insufficient df) to utilize GT in this case. Instead, we 

used a similar method to assess IIC by portioning variance components using a general linear 

model (using PROC GLM in SAS 9.4). Although this method does not allow for nesting, we can 

determine the relative proportions of the total variance score by their relative sums of squares. As 

stated above, the Functional and Directional taxonomies performed best and similarly so, 

explaining 62% vs. 67% of the variance not attributable to rater or individual difference effects. 

Objectively, this difference was a good enough reason to choose the Directional system, but 

there were several other reasons as well. More importantly, as stated above, the direction of these 

interactions was particularly relevant to these asymmetrical dyadic observations, as an alloparent 

simply interacting with a child is qualitatively different than two adults sitting in the yard 

together or two children playing together. Also, the Directional system is more parsimonious, 

which while generally a good thing was especially important here, due to our limited statistical 

power. Increasing the number of categories would not help much here; the issue is having only 

one or two indicators for a category in a more complex system. Adding more behaviors or 

splitting existing behaviors into more specific ones is not desirable in this case. This would make 

the ethogram more cumbersome to use in the field.  

Once the generalizability analysis had confirmed the validity of this theoretically and 

empirically justified categorization of behavior, we then calculated factor scores on these 

ethological factors for each dyadic interaction. Using this novel method, transforming the 

individual codes recorded on the ethogram into actual Hansen frequencies for each dyad 

quantifies the amount of alloparental care received by each focal child from each putative 
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alloparent, based on the aggregated frequency of behaviors that comprise the relevant functional 

categories.  

We then averaged all scores for each of the 96 putative alloparents across both raters and 

across observation occasions. Collapsing across raters was justified due to our very high IRR. 

Collapsing across occasions was necessary because not all focal children were observed the same 

number of times (ranging from 1 to 3 occasions). Obviously, not every putative alloparent was 

present every time for each focal child that was observed more than once, so their scores were 

averaged across all occasions. This only enhanced the overall accuracy of assessing how much 

alloparental care each child received and from whom, without biasing either their overall score 

or any given dyadic score upwards. The unequal number of observations was simply due to the 

fact that the behavioral observation “occasions” were a convenience sample, in order to collect 

as much data as possible for our pilot study. 

Another theoretically driven restriction was to limit the minimum age required to be 

considered a putative alloparent. We decided on a cutoff of 13 years, as this has been described 

(albeit qualitatively in an ethnographic manner) as the time that both boys and girls begin to take 

on more adult roles and responsibilities. Not coincidentally, it is also around the time that they 

begin to go through puberty, and as they develop an adult physical phenotype, they are 

simultaneously trained by their parents and adult relatives, older siblings, and other role models 

to develop the skills required as an adult and parent (Burkart, Hrdy, & van Schaik, 2009). As 

there was no empirical justification based on our data (e.g. running the models described below 

at different cutoff points did not affect results), we decided on theoretical grounds that 13 would 

be the minimum age required to be considered an alloparent.  
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Computation of Genetic Relatedness 

Converting the raw genetic data into relatedness estimates proved to be an interesting 

challenge. The computer program RELATEDNESS is probably the most widely used and 

accepted software for estimating relatedness using microsatellite/STR data (Glaubitz et al. 2003), 

and it is based entirely on the formula described in Queller and Goodnight (1989). We describe 

here a computationally identical simplification of that formula (cf. Wang, 2002).  

First, the number of shared alleles (S) between individuals x (possessing alleles a and b) 

and y (possessing alleles c and d) at a given locus is determined. Sab = 1 if a and b are the same, 

and Sab = 0 if they are different, and is computed in the same manner for all allelic dyads. Allele 

frequency estimates are given as pa and pb respectively. The estimate of relatedness can therefore 

be written as 

 

                 �̂� =
1

2⁄ (𝑆𝑎𝑐 + 𝑆𝑎𝑑 + 𝑆𝑏𝑐 + 𝑆𝑏𝑑) − 𝑝𝑎 − 𝑝𝑏

1 + 𝑆𝑎𝑏 − 𝑝𝑎 − 𝑝𝑏
 

 

The estimate at each locus is then averaged across all loci sampled, and with many loci 

with a large sample (of individuals), this estimation has been shown to be relatively accurate and 

comparable with many other more complicated methods (Blouin, 2003).  

The previous validation and computational parsimony of this formula were qualities that 

were very important considering the interdisciplinary nature of this project. The justifiability and 

comprehensibility of the underlying equation is a hallmark of the RELATEDNESS program 

contributing heavily to its continued ubiquity. However, the relatedness estimates are relative to 

the mean of the population, and therefore, while highly accurate and useful for statistical 

analysis, are not directly interpretable as equivalent comparisons to Wright’s r. We therefore 
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ultimately decided to analyze this data using a novel computational approach in order to 

transform the data into a value between 0 and 1, so that the data were able to be interpreted in a 

similar way as the standard measure of genealogical relatedness. Our novel method retained the 

desirable properties of the Queller and Goodnight formula by combining standard methods of 

both population biology and quantitative psychometric analysis.  

As is the case with the above (or any) relatedness computation, our estimate of genetic 

relatedness between individuals x and y (dyad xy) is based on the number of shared alleles, and 

the likelihood of sharing each allele at each locus sampled. We then need to know if x and y 

share any copies of a and how many. The number of shared copies (s) of allele a for dyad xy is 

given as 

  

         𝑠𝑎(𝑥𝑦) =  
𝑎1(𝑥)𝑎1(𝑦) + 𝑎1(𝑥)𝑎2(𝑦) + 𝑎1(𝑥)𝑎1(𝑦) + 𝑎1(𝑥)𝑎2(𝑦)

1 + 𝑎1(𝑥)𝑎2(𝑥)
 

 

where a1(x) is 1 if allele a is present in x at position 1, and 0 if it is not. a1 and a2 refer to each of 

the two possible copies of a in each individual (x and y). This formula therefore returns a value 

of 0, 1, or 2.  

 Comparing the original Queller and Goodnight formula with our novel method, we see 

that the former returns an estimate for each locus, whereas our method, while not yet taking 

allele frequencies into consideration, returns a value for all 226 alleles across the 40 loci. This is 

critical to using the aforementioned psychometric approach of computing a standardized z-score 

for each dyad at each locus (a z-score is indicative of standard deviations from the sample mean, 

in this case the mean of sa). The sample mean �̅�(𝑠𝑎) is the average number of shared alleles 

across all dyads for allele a. We can then compute a z-score for xy using the standard equation 
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                             𝑧𝑎(𝑥𝑦) =  
𝑠𝑎(𝑥𝑦) − �̅�(𝑠𝑎)

𝜎(𝑠𝑎)
 

 

which we then average across all alleles at each locus 

 

                           𝑧𝑙(𝑥𝑦) =  �̅�(𝑧𝑎(𝑥𝑦)) 

 

and across all loci 

 

                           𝑧�̂�(𝑥𝑦) =  �̅�(𝑧𝑙(𝑥𝑦)) 

 

giving us a standardized estimate of relatedness for xy. 

 This z-score, though perfectly useful for conducting correlational and inferential analyses, 

is also not interpretable as a true estimate of genetic relatedness, since by definition the dyad 

with the mean relatedness estimate in the sample will have a standardized score of 0 irrespective 

of their actual genetic relatedness. This problem was solved easily enough by linearly 

transforming the z scores to range between 0 and 1: 

 

                            �̂�(𝑥𝑦) =
𝑧�̂�(xy) −  min (𝑧�̂�)

max(𝑧�̂�) − min (𝑧�̂�)
 

 

  This rescaling provides an interpretable measure of genetic relatedness  that can be 

conceptually compared to genealogical relatedness or other genetic estimates (see Tables 2 and 

3). However, for this transformation to be valid, there must be both at least 1 unrelated dyad (so 
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that the minimum z-score represents 0) and 1 perfectly related dyad. As there were no identical 

(or for that matter fraternal) twins in our sample, this problem was also easily solved post-hoc by 

initially substituting sxy with 1 (as sxy = 1 if x=y), and then computing a z-score and using that 

score as the maximum in the final calculation.  

On the other hand, we should not substitute sxy with 0 to produce a minimum z-score. 

Even in a sample with no endogamy (inbreeding) whatsoever, there will still usually be many 

individuals that share several alleles but are not related by any recent common ancestry. In other 

words, those alleles are identical in state, but not identical by descent (IBD). There are many 

dyads in our sample that are presumably unrelated (according to genealogy), but for reasons 

stated above this assumption might not be perfectly or anywhere near tenable in this population 

(Infante et al., 1999).  

It should be noted that any degree of endogamy will only give a conservative rather than 

an inflated estimate, since even if they are distantly related, this transformation sets the estimate 

of the dyad with the lowest z-score to 0. In either case, the transformation is linear (the general 

structure of the formula can be decomposed to y = mx+b ), thereby having no effect on the 

magnitude or other aspects of any statistical relationships (see Table 3). The raw Z method and 

the constrained transformation are interchangeable for the purposes of inferential statistics, so for 

all correlational and regression analyses the measure of “Genetic Relatedness” used in the 

computations was by default the raw Z-score unless otherwise indicated. 

 

Categorization  

We estimated prediction intervals for the genetic relatedness data based on the self- 

reported genealogical data for each degree of relatedness. Prediction intervals are analogous to 
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confidence intervals in that they allow us to estimate our ability to predict a score based on 

known parameters. Given that we have known values, the prediction interval is more useful in 

this case, and we obtained a margin of error of less than .033 for all levels. Our maximum 

resolution using this data, as assessed by analyzing the overlap of prediction intervals, 

determined that relatedness below .0625 (5 degrees, equivalent to e.g. a great-grandparent or 

second cousin) is indiscriminable.  

Based on the magnitudes of these prediction intervals, as well as concerns over 

insufficient computational power, we experimentally created categorical variables for genetic 

relatedness as well as for distances between homes. We created 5 categories for genetic 

relatedness, using the assumed rg for each degree of relatedness as a cutoff (.5, .25, .125, .0625). 

We considered that these categories constitute a theoretically justifiable simplification.  

For spatial distribution, we created 3 categories using 2 functional cutoffs for distances 

between homes: 50m and 200m. Given our first-hand knowledge of the geographical and social 

structure of the village, and the GPS data itself, we determined that less than 50 meters 

essentially can be functionally defined as close neighbors (1-2 houses away, on average). DBH 

of up to 200 meters means that the homes are in the same (small) neighborhood (functionally 

akin to a few city blocks). More than 200 meters represents a different part of the village, 

although the furthest distance between any 2 homes in our sample was less than 525m. 

 After evaluating the performance of these categories in comparison with that of the 

original continuous variables, we reverted to the use of continuous variables for both measures. 

In the case of genetic relatedness, chopping the low end off of a highly positively skewed 

distribution would eliminate some statistical noise, but given that we cannot determine the level 

of endogamy, although we suspect that it is significant due to millennia of isolation, the noisy 
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genetic data was preferable to no data on those individuals at all. Furthermore, transforming 

continuous variables into categorical variables would cost us data degrees of freedom that we 

could not afford in some analyses. In addition, the chosen cutoffs for our Spatial Distribution 

categories, though justifiable, might be subject to debate. In any case, the categorized variables 

for both Spatial Distribution and Genetic Relatedness had less predictive power than their 

continuous counterparts, making this a straightforward and objective empirical decision.  

Nevertheless, the problem of a hypothesized non-linear effect of distance between homes 

remained, so we devised an alternative solution by simply taking the logarithm of each distance 

value. This compensated for the obvious assumption that living 75 instead of 25 meters away is a 

functionally larger difference than living 475 instead of 425 meters away. This was certainly 

shown to be the case in terms of spatial distribution of relatives (as is shown in Table 3), though 

neither variable had a significant direct effect on alloparental behaviors. For this reason, the 

logarithm of the distance between homes is the measure of spatial distribution used in the 

regression analyses presented below. 

 

Statistical Methods 

All analyses were conducted using SAS 9.4 (SAS Institute, 2013). Correlational analyses 

were done using PROC CORR to estimate the Pearson product-moment correlation coefficient. 

The correlations between all measures of genetic relatedness, genealogical relatedness, and 

spatial distribution were estimated for all individuals in the sample (as reported in the text).  

We then instructed SAS to retain only the dyads between the focal children and their 

putative alloparents. The purpose of this project was primarily to assess the causes and effects of 

alloparental behavior, so the child’s biological parents were excluded as their interactions would 
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be classified as parenting and not alloparenting. Also excluded were any individuals under the 

age of 13 for each focal child (including other focal children). These conditions were applied to 

all subsequent commands. 

All multiple regressions were conducted using PROC GLM/SS1 in SAS 9.4. The SS1 

command instructs the program to take the type I sums of squares, also called sequential sums of 

squares, which takes into account the incremental improvement in error sums of squares as each 

effect is added to the model. This is the preferred method according to Nelder (1994) and others, 

providing a more rigorous method of hypothesis testing. 

 In order to test our first set of directional hypotheses, which were alternative explanations 

of alloparental behavior directed towards each of the 26 focal children, we used a cascade model 

composed of a system of sequential hierarchical multiple regressions, analogous to a sequential 

canonical cascade analysis (see Table 4). Using this method, the dependent variable in each 

successive regression becomes the first predictor in the regression immediately following, 

thereby controlling for main effects (Figueredo et al., 2015, Figueredo & Gorsuch, 2007). Note 

that the first regression in this sequence is identical to a bivariate correlation. For any simple 

bivariate regression the model R
2 
is the same as the squared Pearson’s correlation coefficient. 

 

 

 

 

 

 

 

https://support.sas.com/documentation/cdl/en/statug/63347/HTML/default/statug_glm_sect058.htm#neld_j_94
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MODEL & HYPOTHESES 

See Appendix C for a graphical representation of the data-analytic model that we are 

proposing. The colors on this figure are coded to the different elements of the analysis detailed 

below. The enumerated hypotheses below correspond to those in the Results section.  

It is important to note, as can be seen by the radically different sample sizes in the tables 

corresponding to the models specified below, that there are two separate levels of analysis: the 

dyadic (between all participants, or between focal children and putative alloparents), and the 

individual (the aggregate across alloparents for each focal child) of other variables for focal 

children only. The Measurement Models and the Differential Alloparenting Hypotheses are all at 

the dyadic level, as they are predictions regarding the relationships between individuals. The 

hypotheses relating to Child Health Outcomes are at the individual level, as the relative 

contributions of each alloparent along the various measures are aggregated. It is hypothetically 

possible to examine the relationships between child health and dyadic relatedness, spatial 

distribution, and alloparenting behavior between children. However with a sample size of just 23 

there is nowhere near enough statistical power to do so with this pilot data. 

 

Measurement Models  

1. Comparing emic and etic indices (genetics and genealogy) of relatedness. [This relation 

is shown as a curved red arrow in Appendix C.] 

  

 It is essential, in testing my theoretical predictions, to first establish the relationship 

between self-reported family structure and genetic relatedness. As was mentioned earlier, the 

Comca’ac have lived in the same place in relative isolation from other groups for what is 
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presumably a very long time (on the order of tens of thousands of years). This lack of admixture, 

combined with their relatively small population size (which we would expect results in at least a 

moderate degree of endogamy), leads us to predict that, inasmuch as the self-reported genealogy 

is accurate, the actual genetic relatedness of members of the same family will be higher than the 

default assumption (under panmixia) of .5, .25, .125, etc. This may have consequences regarding 

whether genetic relatedness or genealogy is a better predictor of the amount and possibly the 

quality of alloparenting directed towards our focal individuals from putative alloparents. 

   

2. Comparing emic and etic indices (genetics and genealogy) of relatedness with spatial 

distribution of putative alloparents. [These relations are shown as two curved dark 

blue arrows in Appendix C] 

 

 I predict that the geographical proximity of putative alloparents to the focal child will be 

correlated with relatedness, for obvious reasons. However, as with the prior model, I also want to 

establish whether genealogy or genetics is a better predictor of how close family members live to 

one another. Essentially, I want to know if individuals can somehow “detect”, possibly based on 

morphological phenotypic cues, or perhaps even chemosensory cues, that they are more closely 

related to one another than their genealogy suggests, if that is indeed the case.  
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Differential Alloparenting Hypotheses 

3. Using emic (genetic) and etic (genealogical) indices of relatedness between focal children 

and putative alloparents in predicting alloparenting ethological factor scores of putative 

alloparents. [These relations are shown as two straight green arrows in Appendix C.] 

 

I predict that children will receive more alloparental care from relatives. Hamilton’s rule 

(Hamilton, 1964) predicts that more closely related individuals will be more likely to provide 

assistance, even at their own peril, in the interest of inclusive fitness. For the same reason as with 

geographic proximity, I am particularly interested in whether or not genetic relatedness or self-

reported genealogy is a better predictor of the amount of alloparental care received by our focal 

individuals. 

 

4. Using spatial distribution of putative alloparents as an alternative hypothesis to putative 

alloparent relatedness in predicting alloparenting ethological factor scores of putative 

alloparents. [This relation is shown as a straight blue arrow in Appendix C] 

It may be the case that geographical proximity accounts for more of the variance in 

alloparental care than either measure of relatedness. It is reasonable to suspect that children who 

live around more putative alloparents will receive more care. 
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Interaction Hypothesis: 

a. Testing theoretically specified interactions between the spatial distribution of 

putative alloparents and the emic (genetic) and etic (genealogical) indices of 

relatedness between focal children and putative alloparents in predicting 

alloparenting ethological factor scores of putative alloparents. [These relations 

are shown as two straight purple arrows in Appendix C] 

The Comca’ac are a fairly communal people, and this certainly extends to child rearing. 

Simply out of convenience, and the care received based on the expectation of reciprocal altruism 

(as formalized in Axelrod & Hamilton, 1981). it may be the case that more care is received from 

neighbors than from relatives that live on the other side of town. 

 

WHO Child Health Outcomes 

5. Correlating aggregate putative alloparent factor scores with WHO child health outcomes. 

[This relation is shown as a straight red arrow in Appendix C] 

 

I predict that children who receive more alloparental care will be healthier. If 

alloparenting has no fitness consequences, then it serves no adaptive function, and there is no 

reason for it to exist.  

 

6. Using spatial distribution data as an alternative hypothesis to putative alloparent 

relatedness in predicting WHO child health outcomes. [This relation is shown in a 

straight orange arrow in Appendix C] 
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It is reasonable to suspect that children who live closer to others will be healthier 

irrespective of how much alloparental care they receive, predicting a negative association 

between spatial distribution and child health. There are at least two reasons to suspect this 

possibility. For one thing, children that are around more people probably have a broader social 

network. Having more friends, or just interacting with more people in general, may lead to better 

health outcomes. Also, it may simply be the case that less healthy families are ostracized, and 

live further away from others. On the other hand, high population density is linked to disease 

incidence, so this main effect may in fact be positive. 
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RESULTS 

Descriptive Statistics  

 Table 2 summarizes the basic descriptive statistics for all my measures of genetic 

relatedness, genealogical relatedness, and spatial distribution. Of particular note here are the 

measures of genetic relatedness. As stated above, the z-scores for my method are not 

interpretable as raw numbers, but when transformed to range between 0 and 1, the mean genetic 

relatedness estimate is nearly 5 times the mean for self-reported genealogy. When limited to only 

putative alloparents the mean drops slightly for both genealogical and genetic relatedness; this is 

because the biological parents and any relatives under 13 years old (including siblings) were 

excluded.  

 

Dyadic-Level Hypothesis 1 

The relationship between genetic relatedness (here and henceforth referring to our novel 

method) and genealogical relatedness is strong (r=.69, p<.001), though far from perfect.  This is 

approximately what we had expected, and lends support to the hypothesis that there is a high 

degree of endogamy in this isolated population. When comparing these variables to only the 

focal child-putative alloparent dyads, the correlation drops somewhat, probably because there is 

less statistical noise when parents and all siblings are included (see Tables 3 and 4).  

 

Dyadic-Level Hypothesis 2 

The relationship between genealogical relatedness and spatial distribution for focal child-  

putative alloparent dyads is moderate and negative, with the log computation being a much better 

predictor than the linear variable. The negative correlation indicates that related alloparents live 
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closer to the focal children than do unrelated individuals. Genetic relatedness and spatial 

distribution are also moderately negatively correlated and again the log computation performs 

better (see Table 3). 

 The second of our sequence of regressions places genealogical relatedness hierarchically 

prior. This lends support to our hypothesis that genetic relatedness matters independently of 

genealogical relatedness, as it explains a significant proportion of variance in addition to the 

variance attributable to genealogical relatedness (see Table 4).  

   

Dyadic-Level Common Alloparenting Factor 

The three alloparenting factors were all correlated. To Child and Reciprocal were 

correlated very strongly, while From Child much more weakly with both other factors. The 

creation of a common Total Alloparenting factor showed the same pattern (see Table 3). The 

inclusion or exclusion of the From Child factor from the Total Alloparenting factor did not 

influence any of the subsequent analyses. Due to the extremely high correlation between To 

Child and Reciprocal, and From Child not seeming to matter, we decided to run all subsequent 

analyses using only Total Alloparenting with all behaviors included. 

 

Dyadic-Level Hypotheses 3 & 4 

 Both genealogical and genetic relatedness were weakly correlated to Total Alloparenting, 

and spatial distribution was not significantly correlated. The third regression in our sequential 

model also showed that spatial distribution was not a predictor of Alloparenting behavior when 

placed first in the partitioning of variance. When placed hierarchically prior to Genetic 
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Relatedness, Genealogical Relatedness was the only significant predictor of Total Alloparenting 

(see Table 4). 

 In addition, we tested an auxiliary hypothesis to compare the behavior of alloparents to 

the biological parents. Using parental status (parent or non-parent) as a predictor, the effect was 

not significant, R
2 
= .03, F(1,18)= .47, p=.50. This tells us that the behavior of alloparents and 

actual parents is empirically indistinguishable. 

 

Dyadic-Level Hypothesis 4a 

 A final regression model included the interactions between Spatial Distribution and 

Genealogical Relatedness, and between Spatial Distribution and Genetic Relatedness. As the 

components of each of the interactions were prior dependent variables, this model could not be 

built into the sequential cascade itself. Nonetheless, the Spatial Distribution*Genealogical 

Relatedness term explained a significant proportion of variance in addition to the main effect of 

Genealogical relatedness. This tells us that living close to the focal child does in fact matter in 

terms of the amount of alloparental care the child receives, but only if they are related 

individuals (see Table 5). 

 

 

Individual-Level Common Child Health Factor 

 The WHO child health measures are designed to be used in concert to predict a child’s 

developmental outcomes, and should therefore all be correlated with each other and with a 

common factor. This is indeed the case with all variables except for BMI, which is not correlated 

with Height, Head Circumference, or Middle Upper Arm Circumference, but is with the common 
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Overall Health factor. All other variables are highly correlated with each other and with the 

common factor, clearly justifying is use in analysis (see Tables 6 and 7). 

 

Individual-Level Hypotheses 5 & 6 

 Overall Health was strongly correlated with Aggregate Alloparental Care, as well as with 

its subscales, although less strongly with From Child, which is not surprising given the results 

previously discussed. Spatial distribution was even more strongly correlated with Overall Health, 

and somewhat surprisingly this association was positive. Although this was stated as an 

alternative hypothesis, the strength of the association is higher than expected. This means that 

living further away from putative alloparents is an excellent predictor of child health.  

In order to investigate the partitioning of variance, we analyzed two alternative 

regressions, one with Aggregate Alloparental Care hierarchically prior, and the other with Spatial 

distribution as the first term. When Aggregate Alloparental Care was hierarchically prior, Spatial 

Distribution was still a significant predictor. However, when switched, Aggregate Alloparental 

Care had no effect on Child Health whatsoever (see Tables 8 and 9). 
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DISCUSSION 

This project is certainly the first of its kind in a variety of ways, and therefore the 

methodological and analytic innovations required given this novelty presented us with a myriad 

of interesting challenges. It was no small task, but we were able to find creative solutions for all 

of them, from the simplest to the most complex. In the process, we generated nearly as many 

new questions as we answered: a promising result for any pilot study.  

First and foremost, we had 5 completely different types of data to collect, in an 

environment that at times made this quite difficult, starting with finding the best way to recruit 

participants for this study from a native population with no phones or even addresses. The 

snowball sampling technique proved very useful, and we were able to obtain genealogical data 

from the entire village, which was crucial in testing several of our hypotheses. The FTM 

software allowed us to impute distant relationships that the participants themselves could not 

report.  

Collecting the spatial data was straightforward, and the only problem was some small 

errors due to imprecision in the GPS technology. However, with a device upgrade and repeated 

collection of waypoints at the same locations, this was easily overcome. Computing the distances 

between each household could have been done using computer programs designed to handle 

GPS data, but using basic high school geometry to do the calculations in Microsoft Excel was 

simpler, guaranteed error-free, and essentially universally compatible for future use. 

Furthermore, the GPS device helped solve the aforementioned no-addresses problem; by simply 

locking in the waypoints of the homes of the individuals in our sample and using it as a map we 

saved a lot of time and possible error. 
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The problem with the DNA collection process can be summarized as follows: collecting 

DNA samples from people in a native village in the desert with almost no sanitation is the exact 

opposite of the ideal environment. The choice of using buccal cell swabs and sealing them in 

desiccant tubes for transport proved to be the right decision, and thanks to careful handling by 

the field team (none of whom had any experience with DNA collection) and PCR amplification 

we were able to use all of them for genetic analysis and had very little missing data.  

The next problem was to choose which genetic markers to use for our relatedness 

estimates. Many options were considered, but our modest budget greatly limited our choices. The 

expanded CODIS set worked well, which had the dual advantage of being relatively inexpensive 

due to its common use, as well as having hypervariable STR loci that provided us with a 

respectable degree of resolution. 

The more challenging problem was devising a computational method for dealing with 

this hypervariablity in a sample without any information about population allele frequencies. 

Creating a novel empirical approach combining population biology and psychometric methods 

was a challenging project. We believe our computations to be sound, but need more data on more 

diverse populations to verify.    

The anthropometric data collection was a logistical problem on in the field for reasons 

already mentioned, but the WHO guidelines and standards gave us clear directions for collection 

and a massive dataset for comparison, using the software developed by the WHO for computing 

the age-normed scores.  

Using a quantitative ethogram to collect data on human interactions in the field was 

another novelty of this project. Our team of trained and experienced ethologists was able to 

devise an ethogram that was straightforward and easy to use for the inexperienced members of 
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our field team. When combined with dozens of hours of intensive training, we were able to 

establish IRR well above our desired threshold, and a further revision of the instrument enhanced 

the quality of the data even further. The problem of the instantaneous sampling data being far 

less reliable to the point of not being useable was not solved per se, but at least we know what 

the problem is: Too much to do, too little time. The divided attention required to collect both 

instantaneous and 1-0 data at the same time is limited by the serial (albeit impressive) nature of 

executive function in the human machine. So assigning the two ethological methods to separate 

raters is the logical solution. 

 Devising alternative taxonomies for categorizing the 1-0 data, while an interesting task, 

suffers from our miniscule sample size. Even if there are discernable categories, it will take far 

more data to have the statistical power to verify them. Though the directional system had decent 

convergent validity of .67, it did not reach our conservatively acceptable level (Campbell & 

Fiske, 1959), and the categories are not really discernable. That said, the very strong correlation 

between the To Child and Reciprocal categories, combined with a very strong correlation 

between all alloparental behaviors and child health is an indicator that we have chosen the right 

individual behaviors for inclusion in our ethogram. 

Even given our small sample size, our data preparation and analytic methods allowed us 

to draw some fairly strong conclusions from our results. Although our novel relatedness 

computation needs further verification, it appears that the genetic relatedness among the 

Comca’ac is much higher on average than predicted by their genealogy, which is exactly what 

we expected from this isolated population, and was one of the reasons we chose the Comca’ac as 

our study population in the first place. Furthermore, the large-but-not-too-large correlation of .69 

between genetic and genealogical relatedness is promising. It could indeed be a product of 
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endogamous mating, as we propose, but there are other explanations. It could be that there is 

human error in the self-reported genealogy. Also, there will always be some estimation error 

using any genetic relatedness formula, due to the fact that we are only using a limited number of 

loci. Again, more data are needed. 

The relationship between spatial distribution and relatedness is also what we expected. 

Related alloparents do indeed tend to reside closer to the focal children than do unrelated 

alloparents. More interesting, however, is that according to our regression analysis, genetic 

relatedness retains some predictive power above and beyond that of genealogical relatedness. 

This lends support to our endogamy hypothesis, but if that is the case, the question remains: 

What drives the behavior? In other words, how can they tell? Phenotypic similarity is one 

possible candidate, pheromonal cues is yet another. Once we have more data to verify this result 

we may consider collecting and analyzing different kinds of data such as biochemical markers, 

and using computer aided photo analysis.  

The relationship between alloparenting and the spatial distribution and relatedness of the 

alloparents provides us with some interesting but far from convincing results. Having putative 

alloparents living close by seems to have no effect on the amount of alloparental care the child 

receives. Genetic relatedness has a small correlation with alloparental behavior on its own, but it 

seems to be that genealogical relatedness is really the driving force in how much alloparental 

care the child receives. In other words, the reason why putative alloparents interact with and care 

for a child is because they believe they are related, and in addition it’s only when you believe you 

are a relative that being close by matters (as demonstrated by the significant interaction). 

Furthermore, the amount of care a child receives from alloparents appears to be indistinguishable 

from care provided by actual parents. We cannot tell from our data whether or not the quality of 
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this care is the same in terms of functional outcomes such as health, but that can be addressed in 

further research as well. 

Of course these findings may or may not apply to this population in particular. Consider 

the concept of population viscosity, as described by Hamilton (1975). Hamilton expands upon 

his earlier work, explaining that his mathematical description of inclusive fitness (1964) should 

in fact apply not just to known kin, but more broadly to any related individuals, and it is 

therefore particularly applicable to what he refers to as “viscous” populations. Population 

viscosity is essentially a measure of relative genetic admixture (or more precisely, the lack 

thereof): relatively small populations characterized by low migration rates (and therefore low 

admixture) are characterized by greater degrees of genetic relatedness on average than would 

otherwise be expected. It follows then that high levels of altruistic behavior (such as 

alloparenting) should be observed in populations with high viscosity, directly applying the 

original cost-benefit formula (rB-C>0).   

However, and this is the most relevant point germane to this discussion, using viscosity 

as a predictor of altruistic behavior assumes an “ungrouped” population; in other words, the 

assumption is that the population is decidedly not a relatively organized, kin structured 

community, as is the case in Punta Chueca. As is shown clearly by our pattern of results, the 

contribution of shared genotypes to a predictive model of alloparental behavior, while 

significant, is dwarfed by the (implicit or explicit) genealogical family tree. Furthermore, as we 

have also clearly demonstrated, spatial kin structure (again referencing the Genealogical 

Relatedness*Spatial Distribution interaction term: see Table 5) is of great importance. The 

Comca’ac take care of who they believe they are related to, and tend to live close by.  
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It would be of particular interest, therefore, to investigate whether the findings described 

here apply to other groups both similar (for the sake of replicability) and dissimilar (for the sake 

of determining the generalizability of these findings). It seems reasonable to hypothesize that the 

pattern of results seen here will not necessarily apply to other native groups with different social 

structures. The Comca’ac are not agriculturalists, but they are sedentary, especially as compared 

to truly nomadic hunter-gatherers, such as the Hazda in Sub-Saharan Africa. Living largely on 

the Serengeti plateau, the Hazda are obligate nomads due to the nature of their food supply. 

Gathering is not particularly lucrative even for subsistence, and the game animals hunted by 

Hazda men are essentially nomadic as well. The Comca’ac, on the other hand, are a costal 

fishing people who have historically subsisted without having to move around due to the 

plentiful food supply in the Sea of Cortez.  

These differences are reflected in the social structure of the two groups. Whereas the 

Hazda form relatively small groups of 20-30 that move nearly continually, Punta Chueca is, for 

all intents and purposes, a permanent settlement with a population of roughly 500. However, 

both groups have been documented to depend heavily on communal child rearing. Since Hazda 

bands are small and nomadic, there is both less kin structure and (presumably, based on 

ethnographic accounts) more genetic admixture than is found in the Comca’ac (Crittenden & 

Marlowe, 2008). Therefore, we would predict that for the Hazda, reciprocal altruism would 

explain alloparental behavior much better than any measure of relatedness, and spatial 

distribution would be largely irrelevant. These are of course empirical predictions that can and 

should be tested. 

On the other hand, we can compare the social structure of the Comca’ac to that of other 

costal peoples, for example Northwestern American Indians such as the Quileute of the Olympic 
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plateau. Similarly to the Comca’ac, they have an abundant food supply from the Pacific ocean 

(whales and fish), and also similarly, they have historically lived in semi-permanent villages with 

hundreds of inhabitants (Ruby & Brown, 1986). Given that they are also a relatively isolated, 

sedentary people, we would therefore hypothesize that the kin structure of the community would 

be a good predictor of alloparental behavior.  

Arriving at our last set of hypotheses, the most perplexing result in this study is the 

extremely high positive relationship between spatial distribution and health outcomes. Although 

it was an a priori alternative hypothesis, the magnitude of the relationship is surprising. Even 

when we attribute as much of the variance as possible to alloparental behavior, there is still a 

significant positive relationship. There are several possible reasons for this effect. First is the 

aforementioned pathogen prevalence, especially in this environment with extremely poor 

sanitation. Simply being around more people if there is high pathogen prevalence makes it more 

likely one will catch a contagious disease, and this has profound effects on social behavior (e.g. 

avoidance) (Fincher et al., 2008; Dunn et al., 2010).  

Second, it might be that higher population density means that even though there are more 

potential alloparents around, there are also more children clamoring for this care, though that 

would almost certainly not explain an effect of this size.  

The third possible explanation stems from personal experience in the field and first-hand 

knowledge of the demographic structure of the town. This strong positive relationship could be 

entirely due to the fact that the wealthier families live on the outskirts of town. No one in this 

villiage is rich by any means, and they are still a highly communitarian people. However, even 

the slight modernization that has occurred in Punta Chueca over the past few decades has created 

some degree of income disparity. The family who owns the grocery tienda lives on the beach at 
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the far western edge of the village beach. Another nuclear family, the members of which are 

close relatives of the tribal chief, lives on the far northern edge of town and lives in one of the 

largest houses (perhaps 500 square feet) and they have some modern amenities as well. So it 

could be that these better-off families simply have more resources to provide for their children, 

and so they don’t live near a lot of potential alloparents because they don’t need the help. 

Finally, we have main the effect of alloparenting on child health. Alloparental care is 

strongly associated with health outcomes. When spatial distribution is placed first in a 

hierarchical regression the effect disappears, but this could be irrelevant for the reasons just 

discussed. Besides, unlike genetic and genealogical relatedness, which are of course highly 

confounded, there is no theoretical reason to give precedence to one or the other here, and the 

relationship between alloparental care and spatial distribution is weak if present at all. In any 

case, this was a very welcome result, as demonstrating this relationship is crucial in justifying the 

continuation of this project. 

   

Limitations and Future Directions for Research 

Sample size is without question the most important limitation in our current ability to 

properly test our hypotheses. The statistical reality is that testing both the direct and indirect 

effects that we propose with such a small sample leave us with insufficient degrees of freedom to 

use the ideal analytic methods (such as structural equation modeling, REML variance 

components analysis, etc.).  

Following from that fact, collecting data on more individuals within this same population 

and collecting more observations on the same focal children over time would be incredibly 

useful in testing more detailed predictions, for instance those relating to the relative contributions 
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of different categories of alloparents. Can we replicate with confidence studies on other 

indigenous peoples indicating that the presence of matrilineal kin is unequivocally more 

important than that of the father’s relatives? With a large enough sample and therefore more 

statistical power, we can test such precise hypotheses. Is there an interaction between the utility 

of certain alloparental behaviors and the age/sex/etc. of the provider or recipient thereof? To 

answer this we again need substantially more data. This is especially true for the adult males in 

our sample, as they are often working (fishing) all day and are therefore rarely present during our 

observation sessions. This brings us to another question we would like to address: Is the mere 

presence of males other than (or even including) the biological father a protective factor, or are 

the men showing interest in children merely to impress the mothers as potential mates, thus 

representing mating effort rather than parental investment? More generally speaking, any 

predictions more detailed than those already tested will likely require more observational data. 

The geospatial, genealogical, and anthropomorphic methodologies are already as near-

perfect as we can get. Our GPS coordinates are very precise, so there is no way to improve upon 

those data. The genealogical data is by definition self-report in this population, and we found no 

conflicting reports from those surveyed, though there could be minor errors as previously 

discussed. The anthropomorphic measures we used to assess child health are the gold standard, 

and we have no a priori reason to believe that there are other indicators of health, whether 

related to alloparental investment or not, that are specific to the Comca’ac. However, child 

development studies always benefit from using a repeated measures design, due to the random 

individual differences in the timing of growth spurts within a population (regression to the 

mean).  So apart from just collecting more data on the existing sample and broadening our 

sample as well, this leaves us to consider methodological modifications and expansions of our 
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ethological observations and genetic analysis, but this in turn requires more data on which to 

validate them. 

There may be additional variables to consider measuring in the future as well. As was 

proposed in the discussion of the positive relationship between spatial distribution and health, 

there is evidence that pathogen prevalence may play a significant role in child health outcomes, 

as evidence from other cultures and areas in the developing world indicate (Fincher et al., 2008). 

It is certainly true from the personal experience of the researchers that sanitation in Punta Chueca 

is quite poor. However, in this particular sample, the sampled individuals (focal children) were, 

on average, significantly above the worldwide WHO standards based on age. Furthermore, the 

consensus of the members of the field research teams is that with very few exceptions, these 

children do not appear to be malnourished or ostensibly diseased. Malnourishment is a very 

common sign of infections by parasites such as tapeworms and other pathogens such as E. coli. 

(Cunnington, 2015). Furthermore, collection of biological samples sufficient to measure 

pathogen load may prove logistically difficult. Blood samples would be ideal, but this is an 

invasive procedure that requires specially trained personnel and for which the Comca’ac mothers 

may be reticent to volunteer their children. Other methods (such as saliva collection, to which 

our DNA collection method is quite similar) are less precise but may be acceptable. There is also 

the cost of microbial assays/cultures and their analysis to consider. Without a more compelling 

reason to collect this data, we feel it should not be considered a priority, though with adequate 

resources it may be considered in the future, as it can only enhance our predictive model.  

As was also discussed above, measuring relative wealth may be useful as an additional 

predictor of child health. It was our experience that, on average, the families living closer to the 

edge of town were materially wealthier, and their children were generally healthier (as the 
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positive correlation between DBH and Health indicates). However, although the problem of 

invasive collection techniques is far less an issue, operationalizing an accurate measure of wealth 

may prove difficult. Although some families clearly have a consistent cash income (such as the 

owners of the grocery store), most families do not, and regardless there are no broadly available 

financial records to use as data. The most practical approach would be to collect as much 

quantifiable information as possible, and use that as a composite measure. In addition to normed 

calorie consumption per capita (which is obviously relevant to child development), we could 

include domicile size, ownership of certain material possessions (a car, cell phone, or television), 

presence of a personal (household) latrine, etc., in addition to self-reported income. 

Consideration of the reliability of the data and the time needed for accurate data collection 

should be carefully considered before including a measure of wealth as a study variable. 

 There are also several different directions to consider in deciding how best to allocate 

additional funding for genetic analyses. The obvious route to take would be to obtain additional 

samples from the population, but there are also several other ways in which we can reanalyze 

those we already have. The first option is to utilize the existing 96 DNA samples and reamplify 

them to conduct additional STM or sequencing analysis. One problem that we know with 

confidence how to solve is that of resolution, which would require the use of additional STM or 

microsatellite loci. These would be selected from other existing and empirically validated 

identification markers indicative of pairwise relatedness, and could be used in conjunction with, 

or as an alternative to, the existing data.  As we mentioned earlier, the CODIS system was 

derived from an American sample. As the Comca’ac are substantially genetically isolated even in 

comparison with other extant native populations in the region (Alaez, 2002), the population-

specific relevance of CODIS set as applied to relatedness might be an issue. In that case, then 
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alternative systems might be more useful, such as sequencing HLA genes, or population specific 

microsatellites. If possible we would use these data in addition to and not just as an alternative to 

the CODIS data.  

Perhaps the ideal analysis would be to conduct a genome-wide association study 

(GWAS) on a select group of Comca’ac for whom we know with confidence their degree of 

relatedness (matrilineal kin), and to then compare this with others in the Comca’ac population 

who are unrelated, according to our existing genealogical and genetic data, as well as non-

Comca’ac samples. This type of exploratory analysis can show use where specifically to look for 

variable regions (again, STRs or microsatellites) specific to the Comca’ac. This is essentially the 

opposite of a population genetic study, as we are searching for loci in which alleles in this 

population differ not from other groups, but rather from each other. This can easily be done with 

a subset of our existing sample of 96.   

In addition, allocating resources towards more cross-cultural research would be of 

immeasurable value. We should investigate both the similarities and differences among the 

Comca’ac and other traditional cultures with respect to both the causes and effects of alloparental 

behavior. Comparing traditional native cultures to those of the developed world would be of 

substantial value as well. Inhabitants of modern urban centers, with relatively little kin structure 

and near constant genetic admixture might not display much alloparental behavior at all when 

compared to the Comca’ac. Finding no effect where there we predict there not to be is just as 

important to the generalization of theory as are positive results.  

So, the ultimate goals for follow up studies are numerous: A complete census of both 

Punta Chueca and Desemboque would give us all possible demographic and genealogical 

information. Data on biodemographic factors such as OSR, pubertal timing (on which OSR 
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depends), and infant mortality may increase our predictive power as well. Collecting more 

samples and running more detailed (read: more expensive) genetic analyses will greatly enhance 

our resolution, and help to verify or invalidate the novel computational method we devised. 

Other biometric data can address the question of relatedness detection using phenotypic or 

chemosensory cues. Also, just having more boots on the ground will allow our field team to 

collect more and better behavioral data. And finally, and this may perhaps be the most lofty goal, 

it is important to eventually apply our theoretical and empirical innovations to other cultures, 

both similar and diverse. In sum, we have barely scratched the surface in terms of future 

possibilities, and the results and methodological advances already provided by just this small 

pilot study more than justify the continuation and expansion of this program of research. 
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Table 1 

All observed alloparental behaviors and two hypothesized categorizations 

Behavior Functional Directional 

Is Carried Direct Care To child 

Feeds (inc. self) Direct Care From child 

Is Fed Direct Care To child 

Grooms (inc. self) Direct Care From child 

Is Groomed Direct Care To child 

Resting Proximity Direct Care To child 

Suckling Direct Care To child 

Assists Indirect Care From child 

Is Assisted Indirect Care To child 

Gives Object Indirect Care Reciprocal 

Is Given Object Indirect Care Reciprocal 

Approaches within 1.5m Affiliative Reciprocal 

Is Approached w/in 1.5m Affiliative Reciprocal 

Follows Affiliative Reciprocal 

Is Followed Affiliative Reciprocal 

Play Affiliative Reciprocal 

Touches ~(play/groom) Affiliative Reciprocal 

Is Touched ~(play/groom) Affiliative Reciprocal 

Is Talked To Vocal Reciprocal 

Talks Vocal Reciprocal 
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Table 2 

Descriptive statistics for Spatial Distribution and Relatedness measures 

Variable N      �̅�      s Minimum Maximum 

Full Sample 

Genetic Relatedness (Z) 9120 -.09 .61 -1.26 6.75 

Constrained Genetic r (Z) 9120 .14 .07 .00 .94 

Genetic Relatedness (QG) 9120 -.04 .34 -2.70 .81 

Genealogical Relatedness 11556 .03 .11 .00 .50 

Distances b/t Homes (m) 11556 208.18 122.62 .00 524.59 

Log(DBH) 11556 4.97 1.26 .00 6.26 

Focal Children and Putative Alloparents only 

Genetic Relatedness (Z) 1061 -.15 .43 -1.06 3.80 

Constrained Genetic r (Z) 1061 .13 .05 .02 .59 

Genetic Relatedness (QG) 1061 -.05 .33 -1.58 .70 

Genealogical Relatedness 1281 .02 .07 .00 .50 

Distances b/t Homes (m) 1281 211.56 115.48 .00 524.59 

Log(DBH) 1281 5.11 .93 .00 6.26 
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Table 3 

Correlations between all behavioral, spatial, and relatedness variables (focal children and putative alloparents only).  

Variable N 

Genetic r 

(Z) 
Constr. 

Genetic r 

Genetic r 

(QG) 
Geneal. r 

Distance 

Between 

Homes 

DBH Log 
Total AP 

Care 

From 

Child 
To Child Recip. 

Genetic r (Z) 1061 - 1* .35*     

(.30, .40) 

  .57*    

(.53, .61) 

-.17*          

(-.23, -.11) 

-.35*            

(-.40, -.29) 

.13*      

(.07, .19) 

.04*          

(-.02, .10) 

.12*      

(.06, .18) 

.12*      

(.06, .18) 

Constrained r 1061  - .35*     

(.30, .40) 

  .57*    

(.53, .61) 

-.17*          

(-.23, -.11) 

-.35*           

(-.40, -.29) 

.13*      

(.07, .19) 

.04*          

(-.02, .10) 

.12*      

(.06, .18) 

.12*      

(.06, .18) 

Genetic r (QG) 1061   -   .18*    

(.12, .24) 

-.07*          

(-.13, -.01) 

-.14*           

(-.20, -.08) 

.05          

(-.01, .11) 

.03          

(-.03, .09) 

.04          

(-.02, .10) 

.05          

(-.01, .11) 

Genealogical r 1281    - -.18*          

(-.23, -.13) 

-.44*          

(-.48, -.40) 

.19*      

(.14, .24) 

.09*      

(.04, .14) 

.19*      

(.14, .24) 

.17*      

(.12, .22) 

DBH 1281     - .80*       

(.78, .82) 

-.03         

(-.08, .02) 

-.01         

(-.06, .04) 

-.03         

(-.08, .02) 

-.03         

(-.08, .02) 

Log (DBH)  1281      - -.02         

(-.07, .03) 

.00          

(-.05, .05) 

-.01         

(-.06, .04) 

-.02         

(-.07, .03) 

Total AP Care 1281       - .14*      

(.09, .19) 

.97*      

(.97, .97) 

.99*      

(.99, .99) 

From Child 1281        - .14*      

(.09, .19) 

.08*      

(.03, .13) 

To Child 1281         - .94*      

(.93, .95)  

Reciprocal 1281          - 

*p<.05                                                                                                                                                                                                                                                           

Note:  Numbers in parentheses represent 95% Confidence Intervals of rho, reported as: (lower limit, upper limit). All correlations are in the theoretically 

predicted direction unless shaded.   
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Table 4 

Sequential Cascade of Hierarchical Regressions predicting Alloparenting Behavior (N=1061) 

Dependent Variable Predictor Variable(s) Semipartial r
 

Model R
2 

Model F 

Genealogical Relatedness Genetic Relatedness .57 .34* 533.87 

Distance Between Homes Genealogical 

Relatedness 

.46* .22* 148.91 

 Genetic Relatedness .11*   

Alloparenting Behavior Spatial Distribution .02 .04* 13.93 

 Genealogical 

Relatedness 

.19*   

 Genetic Relatedness .03   

*p<.05 
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Table 5 

Hierarchical Regressions predicting Alloparenting Behavior including hypothesized interactions 

(N=1061) 

Dependent Variable Predictor Variable(s) Semipartial r
 

Model R
2 

Model F 

Alloparenting Behavior Spatial Distribution .03 .05* 11.40 

 Genealogical 

Relatedness 

.19*   

 Genetic Relatedness .03   

 Spatial Distribution 

*Genealogical 

Relatedness 

.11*   

 Spatial Distribution* 

Genetic Relatedness 

.00   

*p<.05 
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Table 6 

Descriptive statistics for Anthropomorphic (Child Health) measures 

 Variable N           �̅� s Minimum Maximum 

Overall Health 23 .52 1.10 -.69 4.92 

Weight  23 .57 1.49 -1.20 6.35 

Height  23 .78 1.83 -2.44 5.89 

BMI 23 .09 2.15 -6.76 6.51 

Weight-for-height 11 .37 .71 -.79 1.67 

Head Circumference 11 .56 .90 -.73 2.59 

Middle Upper Arm 

Circumference 11 .40 .58 -.42 1.58 

 

Note: All measures are age-normed and are expressed as z-scores. 
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Table 7 

Correlations among WHO child health measures and overall health 

 

N MUAC 

Head 

Circum. 

Weight-

for-

Height Weight Height BMI 

Overall 

Health 

MUAC 11 - .68*        

(.14, .91) 

.69*          

(.15, .91) 

.92*                 

(.72, .98) 

.91*      

(.68, .98) 

.42*          

(-.24, .81) 

.90*        

(.65, .97) 

Head Circum. 11  

- 

.62*     

(.03, .89) 

.85*    

(.51, .97) 

.86*    

(.54, .96) 

.32*           

(-.35, .77) 

.87*          

(.57, .97) 

Weight-for-Height 11  

 

- 

.78*          

(.34, .94) 

.68*        

(.14, .91) 

.90*        

(.65, .97) 

.81*          

(.41, .95) 

Weight 23  

  

- 

.81*          

(.60, .92) 

.51*           

(.12, .76) 

.99*          

(.98, 1.00) 

Height 23  

   

- 

.06          

(-.36, .46) 

.84*      

(.66, .93) 

BMI 23  

    

- 

.47*            

(.07, .74) 

Overall Health 23       - 

*p<.05                                                                                                                                                                               

Note:  Numbers in parentheses represent 95% Confidence Intervals of rho, reported as: (lower limit, upper 

limit). All correlations are in the theoretically predicted direction unless shaded.   
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Table 8 

Correlations between health measures, aggregate alloparental care, and aggregate spatial distribution 

Variable N 

Agg. AP 

care 

From Child 

Aggregate 

To Child 

Aggregate 

Reciprocal 

Aggregate 

Spatial 

Distribution 

Overall Health 23 .85*          

(.67, .93) 

.63*         

(.30, .83) 

.86*         

(.69, .94) 

.85*          

(.67, .93) 

.90*         

(.78, .96) 

Height 23 .86*         

(.69, .94) 

.66*         

(.34, .84) 

.86*         

(.69, .94) 

.86*         

(.69, .94) 

.88*         

(.74, .95) 

Weight 22 .81*         

(.59, .92) 

.61*         

(.25, .82) 

.82*         

(.61, .92) 

.81*         

(.59, .92) 

.85*         

(.67, .94) 

BMI 23 .15             

(-.28, .53) 

.08             

(-.34, .48) 

.16             

(-.27, .53) 

.14             

(-.29, .52) 

.18             

(-.25, .55) 

Weight-for-Height 11 .70*          

(.17, .92) 

.39             

(-.27, .80) 

.72*         

(.21, .92) 

.70*          

(.17, .92) 

.81*         

(.41, .95) 

Head Circumference 11 .83*         

(.46, .95) 

.63*         

(.05, .89) 

.84*         

(.49, .96) 

.84*         

(.49, .96) 

.86*         

(.54, .96) 

MUAC 11 .87*         

(.57, .97) 

.69*         

(.15, .91) 

.87*         

(.57, .97) 

.88*         

(.59, .97) 

.88*         

(.59, .97) 

*p<.05                                                                                                                                                                               

Note:  Numbers in parentheses represent 95% Confidence Intervals of rho, reported as: (lower limit, 

upper limit). All correlations are in the theoretically predicted direction unless shaded.  

 

 

 



73 
 

 

Table 9 

Alternative Multiple Regressions predicting Overall Child Health (N=23) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Predictor Variable(s) Semipartial r
 

Model R
2 

Model F 

Spatial Distribution .90* .81* 43.13 

Agg. AP Care .00   

Agg. AP Care .85* .81* 43.13 

Spatial Distribution .29*   

*p<.05 
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Table 10 

Frequencies of Behaviors and Directional Categories (average instances per hour of 

observation) 

Behavior/Category     �̅�     s 

Is Carried   .41   .02 

Feeds (inc. self)   .33   .02 

Is Fed   .53   .03 

Grooms (inc. self)   .41   .03 

Is Groomed   .42   .02 

Resting Proximity 3.94   .13 

Suckling 2.85   .14 

Assists   .10   .01 

Is Assisted   .48   .03 

Gives Object 1.32   .04 

Is Given Object   .70   .03 

Approaches within 1.5m 3.45   .07 

Is Approached w/in 1.5m 2.73   .07 

Follows 2.33   .06 

Is Followed 2.17   .06 

Play 3.00   .09 

Touches ~(play/groom) 3.46   .09 

Is Touched ~(play/groom) 3.96   .12 

Is Talked To 6.27   .10 

Talks 8.26   .15 

To Child 8.64   .36 

From Child   .84   .05 

Reciprocal 37.7   .88 
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APPENDIX A – Satellite Photograph of Punta Chueca 
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Note: The square in the center of town is a large plaza. The buildings to the northwest are the school. To the west 

and southwest is the community center. In order to get a sense of scale: the square is 60 meters on each side.  
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APPENDIX B1: Original Ethograms 
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Focal Individual (Code): ______________________ Date:______________ Start Time: ______________        Rater: _______________________ 

Notes:________________________________________________________________________________________________________________________________  

Category Behavior 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 TOT 

Direct Care Carries                 

Is Carried                 

Feeds (inc. self)                 

Is Fed                 

Grooms (inc. self)                 

Is Groomed                 

Resting Proximity                 

Suckling                 

Indirect 

Care 

Assists                 

Is Assisted                 

Gives Object                 

Is Given Object                 

Affiliative Approaches within 2m                 

Is Approached within 2m                 

Follows                 

Is Followed                 

Play                 

Touches (~play / ~groom)                 

Is Touched (~play / ~groom)                 

Vocal Crying                 

Is Talked To                 

Talks                 

Working Chore                 

Crafting                 

Fishing                  

Hunting                 

School                 

Agonism Ag1- Vocalizes                 

Ag1- Is Vocalized To                 

Ag2- Contacts                 

Ag2- Is Contacted                 

Out of View 30sec+ = OV, full sample add circle                 
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Focal Individual (Code)____________ Date___________Time_____________Rater__________________ 

Notes_______________________________________________________________________________________________________ 

 

 
Group Context-Activity: Group Context-Place: 

 Siesta  Home (where the focal sleeps at night) 

 Working (crafting, skills, gen income, laundry, school)  Home Other (record whose home) 

 Meal Time (preparation, eating)  Public facility 

 Travel (walking , boating, driving)  Outside of Homes (road, beach, store) 

 Event (celebration, church) 

 School 

 Other 

 Play 

 School 

 Other 

ID 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 TOT 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

                 

Group Act.                 

Group Place                 

Out of View                 

Codes <2m  1 

   2-5m 2 

 >5 3 

 Off prop 4 
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APPENDIX B2: Revised Ethogram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



81 
 

Focal Individual (Code): _____________  Date:______________ Start Time: ______________        Rater: _________ 

Notes:_________________________________________________________________________________________________ 

Category Behavior 01 02 03 04 05 06 07 08 09 

Direct Care Carries          

Is Carried          

Feeds (inc. self)          

Is Fed          

Grooms (inc. self)          

Is Groomed          

Resting Proximity          

Suckling          

Indirect 

Care 

Assists          

Is Assisted          

Gives Object          

Is Given Object          

Affiliative Approaches within 1.5m          

Is Approached w/in 1.5m          

Follows          

Is Followed          

Play          

Touches ~(play/groom)          

Is Touched ~(play/groom)          

Vocal Crying          

Is Talked To          

Talks          

Working Chore          

Crafting          

Fishing           

Hunting          

School          

Agonism Ag1- Vocalizes          

Ag1- Is Vocalized To          

Ag2- Contacts          

Ag2- Is Contacted          

Out of View 30sec+ = OV, circle if full sample           

Proximity Individual dist      dist    dist 

           

           

           

           

           

           

           

           

Group  Group Activity          

 Group Place          
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APPENDIX C – Complete Data-Analytic Model 
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APPENDIX D – Table of Relative Allele Frequencies 
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Note: The data below show the relative allele frequencies among the sampled individuals only. 

The allele numbers (rows) correspond to the number of STRs (short tandem repeats) at each 

locus (columns). 

 

  

#STR D20S1082 D6S474 D12ATA63 D22S1045 D10S1248 D1S1677 D11S4463 D4S2364 D9S1122 D2S1776 

6 

          7 

          8 

       

.17 

 

.01 

9 

       

.43 

 

.19 

9.3 

          10 

       

.40 

 

.06 

11 .22 

  

.03 

    

.05 .21 

12 .02 

 

.19 

 

.02 .22 .35 

 

.18 .46 

12.2 

          13 

  

.03 

 

.05 .09 .18 

 

.58 .07 

14 .05 .46 .03 .03 .60 .23 .28 

 

.13 

 15 .66 .04 .02 .83 .31 .45 .07 

 

.05 

 16 .06 .29 .14 .07 .03 .01 .09 

   17 

 

.21 .57 .05 

  

.02 

   18 

  

.03 

       19 

 

.01 

        20 

          21 

          22 

          23 

          24 

          25 

          26 

          27 

          28 

          29 

          30 

          31 

          31.2 

          32 

          32.2 

          33.2 
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#STR D10S1435 D3S3053 D5S2500 D1S1627 D3S4529 D2S441 D17S974 D6S1017 D4S2408 D9S2157 

6 
          

7 
       

.06 
 

.51 

8 
    

.18 .54 .09 
   

9 
   

.01 .32 .02 .53 
   

9.3 
          

10 
 

.11 
 

.46 .45 .23 .32 
 

.22 
 

11 
 

.02 
 

.52 .01 .02 .06 .01 .16 .07 

12 
    

.04 .15 
  

.50 .40 

12.2 
          

13 
 

.18 .19 
  

.04 
 

.56 .09 .02 

14 .03 .67 .34 .01 
   

.10 .03 
 

15 
  

.40 
    

.27 
  

16 
 

.01 .03 
       

17 .72 
 

.04 
       

18 .03 
         

19 
          

20 
          

21 
          

22 
          

23 .22 
         

24 
          

25 
          

26 
          

27 
          

28 
          

29 
          

30 
          

31 
          

31.2 
          

32 
          

32.2 
          

33.2 
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#STR D17S1301 D1GATA113 D18S853 D20S482 D14S1434 D3S1358 TH01 D21S11 D18S51 Penta_E 

6 
    

.24 
     

7 
    

.65 
  

.03 .11 
 

8 
    

.01 
  

.07 
 

.05 

9 
    

.03 
   

.04 .53 

9.3 
    

.07 
     

10 
  

.05 
     

.07 .03 

11 .46 .03 .02 
    

.09 .58 .18 

12 .01 .25 
    

.03 .07 .18 .06 

12.2 
          

13 .06 
 

.58 .01 
  

.11 .07 .02 .06 

14 .45 .54 .32 .03 
  

.04 .17 
 

.10 

15 .02 .04 .04 .51 
  

.10 .20 
  

16 
 

.13 
 

.24 
  

.15 
   

17 
   

.07 
  

.42 .15 
  

18 
   

.14 
  

.04 .06 
  

19 
      

.02 
   

20 
      

.09 .06 
  

21 
      

.01 .03 
  

22 
          

23 
          

24 
          

25 
          

26 
          

27 
          

28 
     

.02 
    

29 
     

.06 
    

30 
     

.51 
    

31 
     

.09 
    

31.2 
     

.12 
    

32 
     

.01 
    

32.2 
     

.14 
    

33.2 
     

.05 
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#STR D5S818 D13S317 D7S820 D16S539 CSF1PO Penta_D vWA D8S1179 TPOX FGA 

6           

7           

8 .03   .01   .60    

9 .06 .01  .40       

9.3           

10 .27 .31 .31 .13  .17     

11 .30 .24 .16 .06  .03 .31   .23 

12 .34 .36 .53 .01  .08 .09  .17 .17 

12.2           

13  .08 .01 .38  .18   .14 .13 

14      .38   .23 .23 

15    .03 .06 .12   .07 .06 

16     .43 .04   .23 .23 

17     .25    .22 .22 

18     .23   .04 .13 .13 

19     .03   .21   

20     .01   .10   

21        .09   

22        .04   

23        .08   

24        .19   

25        .14   

26        .03   

27        .07   

28           

29           

30        .01   

31        .01   

31.2           

32           

32.2           

33.2           
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APPENDIX E – Graph of Proportions of Genealogical Relatedness 
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Illustrated here are the relative proportions of each genealogical degree of relatedness for all dyads in our sample of 108 individuals, 

not including biological parent-offspring relationships (which are by definition parents and not putative alloparents). The direct 

genealogical relationships were collected by self-report. Indirect genealogical relationships were then imputed from the self-report 

data using Family Tree Maker software. The researchers then assigned Wright’s coefficient of relatedness r to each genealogical 

relationship based on established theory. As the vast majority of dyads are unrelated individuals, a break in the first bar is inserted for 

legibility. Degrees of relatedness are directly translatable into the relatedness coefficient r. (1
st
 degree relative [e.g. full sibling] is 

equivalent to r=.50, 2
nd

 degree relative [e.g. grandparent] is equivalent to r=.25, etc.) 
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